Abstract: SMISS is a novel web server for protein function prediction. Three different predictors can be selected for different usage. It integrates different sources to improve the protein function prediction accuracy, including the query protein sequence, protein-protein interaction network, gene-gene interaction network, and the rules mined from protein function associations. SMISS automatically switch to ab initio protein function prediction based on the query sequence when there is no homologs in the database. It takes fasta format sequences as input, and several sequences can submit together without influencing the computation speed too much. PHP and Perl are two primary programming language used in the server. The CodeIgniter MVC PHP web framework and Bootstrap front-end framework are used for building the server. It can be used in different platforms in standard web browser, such as Windows, Mac OS X, Linux, and iOS. No plugins are needed for our website. Availability: http://tulip.rnet.missouri.edu/profunc/.
Introduction
Protein structure and function prediction has a lot of biomedical and pharmaceutical implications (Radivojac et al. 2013; Cao et al. 2014a; Cao et al. 2014b; Cao et al. 2015a; Cao et al. 2015b; Li et al. 2015; Cao and Cheng 2016a) , and it helps people understand their life. Most biologist use tool Basic Local Alignment Search Tool (BLAST) to search the query sequence against the PDB database, and the functions of homologs are used for the protein function prediction (Wang et al. 2013; Cao and Cheng 2016a) . Several methods apply it for protein function prediction, such as GOtcha (Jo and Cheng 2014), OntoBlast (Jo 2015), and Goblet (Schölkopf and Smola 2002) . But it may fail when there is few or no homologs found in the database. Kihara and his groups developed a webserver PFP (Hawkins et al. 2009 ) which uses profile-sequence alignment tool PSI-BLAST (Rost 1998) to get more sensitive predictions. However, there are several other sources to infer more protein functions, such as protein-protein interaction network (Yang and Zhou 2008a; Zhang and Zhang 2010; Wang et al. 2011; Li et al. 2014; Adhikari et al. 2015; Cao and Cheng 2016b) , gene-gene interaction network (Chen et al. 2010; Cao and Cheng 2015) , protein structure data (Cao et al. 2015c; Deng et al. 2015; Kryshtafovych et al. 2015) , microarrays (Uziela and Wallner 2016) , and combination of different sources (Wu et al. 2007; Yang and Zhou 2008b; Zhou and Skolnick 2011; Eickholt and Cheng 2012) , etc. Also, there are some general websites for protein structure prediction which also includes the protein function prediction, such as I-TASSER (Yang et al. 2015) . But since this is not for protein function prediction specific, it takes longer time to make prediction. Our SMISS server uses different sources and combines them for protein function prediction, including protein sequences, function associations, and protein-protein or gene-gene interaction networks Cao and Cheng 2016a) . It can take use of homologs function, and also the protein sequence itself for ab initio protein function prediction. More importantly, the user can choose different sources for the function prediction based on their need.
Implementation and usage of the website
SMISS webserver has been implemented in PHP and perl. Figure 1 shows the home page of the webserver. The front end language is PHP, and the background programs for calculating the protein function is done by perl. The program background code can be requested from the author (Cao and Cheng 2016a) . CodeIgniter MVC web framework is used for our website. It is a simple and elegant toolkit for creating full-featured applications. MVC controller system is used in our website. Users can register in our website. Figure 2 shows the registration webpage. After registration, users can login the website, and the website saves all results for them in case they need it in the near future.
In order to save the computation cost, at most 5 jobs per day can be submitted for non-registered user. The registered user can submit more jobs every day. The server will suspend some jobs later submit when the running jobs is overloaded for the server. We also apply Bootstrap front-end framework to this server to provide efficient and neat user interface.
We put the job submission as the main feature in the home page. There are two ways to input the protein sequence. First, you can copy one or multiple sequences in fasta format to the "Paste a fasta" text box. Second, you can upload a protein sequence file in fasta format from your local machine.
After that, you can fill in your email address, and choose a method for prediction. There are three options for the users to choose. The first one is SMISS, which includes all sources for protein function prediction. The second one is MIS score, which only uses the source from the hits by the tool PSI-BLAST. The third one is MIS-NET score, which uses the hits by the tool PSI-BLAST and the network sources (Cao and Cheng 2016a) . The user can choose the suitable one for their requirement.
Job processing
After user submits a job, the webpage will be redirected to job processing page which displays the status of submitted job. The job processing page is shown in Figure 3 . The job status is updating every five seconds, and result will be shown in this webpage after the job finishes. Users can also close this webpage and get the results by using the last URL or link. Figure 4 shows the job queue of all submitted jobs. The user can check the status of their job in this website. The jobs status can be Pending, Running, and Finished. Some jobs maybe pending because too many jobs already submitted to the server. In addition, users can also check the user's map showing the location of all visitors in the world. It is shown in Figure 5 . Moreover, users can also check the job history of all jobs submitted by themselves, which is shown in Figure 6 .
Function prediction result 
Conclusions
In this paper, we introduce a novel protein function prediction website SMISS. We integrate information from different sources for protein function prediction, such as the one from profile-sequence search tool PSI-BLAST, from the knowledge learned of the true function by data mining techniques, from gene-gene/protein-protein interaction networks, and from the protein sequence itself. Our web server can make ab-initio function predictions from the query sequence, even there is no homologs found by traditional sequence-profile search tool PSI-BLAST. Users are free choose which combination of sources for the protein function prediction based on their need. The speed is not influenced too much when you submit several fasta in one file, which is good for the users who needs to make protein function prediction for large data. In the future, we plan to improve the user interface to make it more friendly, and also make the website more robust for the security issue. In addition, we want to improve the speed and accuracy of function prediction method for other people to better use our website.
